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Abstract: Oleanolic acid (OA) and ursolic acid (UA) have been proven to possess many 

biological activities, and much attention is focused on the search for plants which are rich 

in OA and UA. In this report, the OA and UA accumulation characteristics were 

investigated in 47 cultivars of Chinese herbaceous peony (Paeonia lactiflora Pall.) and 

were followed in three cultivars over different developmental stages as measured by high 

performance liquid chromatography (HPLC). OA and UA levels in leaves and stems 

demonstrated an overall upward trend from May 1
 
to September 15

 
except for UA in the 

leaves of ―Hong Feng‖. The maximum values of OA and UA in leaves of ―Yangfei Chu 

Yu‖, ―Fen Zhu Pan‖ and ―Hong Feng‖ were 852.98, 575.60, 290.48 μg/g FW and 924.94, 

827.36, 432.67 μg/g FW, respectively. The maximum values of OA and UA in stems of 

―Yangfei Chu Yu‖, ―Fen Zhu Pan‖ and ―Hong Feng‖ were 359.28, 90.49, 43.90 μg/g FW 

and 326.86, 82.25, 56.63 μg/g FW, respectively. OA and UA contents in leaves of 47 

different herbaceous peony cultivars ranged from 66.73–618.12 and 36.23–665.14 μg/g FW, 

respectively, with average values of 171.62 and 227.57 μg/g FW, respectively. The results 

suggested that the aboveground parts of herbaceous peony may be used as an alternative 

source of OA and UA for medicinal purposes in addition to its ornamental purposes. 
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1. Introduction 

Herbaceous peony (Paeonia lactiflora Pall.), belonging to the Paeoniaceae family [1], is a perennial 

herb, and widely distributed in China. Herbaceous peony root is an important Traditional Chinese 

Medicine (TCM), and the flower of this plant is mainly used for ornamental purpose. Herbaceous 

peony is rich in different kinds of bioactive components, such as monoterpenes [2–4], volatile oil [5], 

triterpenes [6,7], tannins [8], stilbenes [9], flavonoids [7,10] and polyphenols [11,12], among which 

paeoniflorin—a kind of monoterpene—is the most studied medicinal compound [3,13–15]. During the 

cultivation of medicinal and ornamental herbaceous peony, aboveground biomass—mainly referring to 

the leaves and stems—is often discarded as litter, resulting in enormous waste of resources. 

In recent years, more attention was paid to the isomeric pentacyclic triterpene oleanolic (OA) and 

ursolic acid (UA), which are usually widespread within the plant kingdom in the form of free state or 

glycosides. Many reports have shown that OA and UA mainly exist in Chaenomeles sinensis [16], 

Crataegus pinnatifida [17], Diospyros kaki [18,19], Eriobotrya japonica [20,21], Eucalyptus 

globules [22], Ligustrum lucidum [23], Macrocarpium officinalis [24], Zizyphus jujuba [25], and other 

species. Medical research has revealed that both OA and UA have many biological effects, such as 

antibacterial [26], anti-diabetic [27], anti-inflammatory [28], anti-tumor [29] and hepatoprotective 

activities [30]. Previous studies of herbaceous peony were mainly focused on the 

root [3,4,11,12,14,31], with monoterpenes as the main compounds. There were few reports about the 

characterization and quantification of OA and UA in the aboveground parts of herbaceous peony. 

In this study, the OA and UA accumulation characteristics were investigated in 47 cultivars of 

Chinese herbaceous peony and specifically followed in three cultivars over different developmental 

stages based on high performance liquid chromatography (HPLC). The results may provide a 

theoretical basis for herbaceous peony as an alternative source of OA and UA. 

2. Results 

2.1. OA and UA Contents in Leaves and Stems of Herbaceous Peony at Different Developmental Stages 

Herbaceous peony is usually divided into medicinal and ornamental types. Medicinal herbaceous 

peony is cultivated mainly for harvesting roots, while ornamental herbaceous peony is planted as cut 

flowers or pot plants. Therefore, investigation of OA and UA contents in herbaceous peony leaves and 

stems at different developmental stages, and determination of a reasonable harvest time, will be of 

great significance in ensuring comprehensive utilization of these resources. 

2.1.1. OA and UA Contents in Leaves of Herbaceous Peony at Different Developmental Stages 

The tendency for OA and UA in the leaves to change at different developmental stages is shown in 

Figure 1. The OA and UA contents changed little between May 1 and July 1 for all three cultivars, and 

a small difference were found between the cultivars. Then OA and UA contents sharply increased from 

July 15. In the following four developmental stages, significant differences between cultivars were 

observed, and the highest and lowest OA and UA contents were found in ―Yangfei Chu Yu‖ and ―Hong 

Feng‖, respectively, with the OA and UA contents of ―Fen Zhu Pan‖ being between those of the two 

other cultivars. 
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Figure 1. OA and UA contents (μg/g FW) in leaves of three herbaceous peony cultivars at 

different developmental stages. (A) OA content; (B) UA content. 
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The changes of OA and UA contents in the leaves of herbaceous peony were generally similar 

among the three cultivars. The overall trend was upward from May 1 to September 15 with a small 

trough on July 15 for ―Yangfei Chu Yu‖ and ―Fen Zhu Pan‖. For ―Hong Feng‖, the small trough of OA 

and UA in the leaves appeared earlier than the two other cultivars on July 1, with very little change in 

OA content, and by September 15, OA content maintained a relatively stable level, while the UA level 

even decreased. 

The OA content in leaves of ―Yangfei Chu Yu‖, ―Fen Zhu Pan‖ and ―Hong Feng‖ was lowest on 

May 1, with 9.66, 2.76 and 0.94 μg/g FW, respectively. It reached the highest peaks on September 15, 

with 852.98, 575.60 and 290.48 μg/g FW, respectively, which was 88.30, 208.55 and 309.02 fold of the 

lowest value, respectively. The UA content in the leaves of ―Yangfei Chu Yu‖, ―Fen Zhu Pan‖ and 
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―Hong Feng‖ was also lowest on May 1, with 109.91, 93.30 and 51.96 μg/g FW, respectively. The 

highest UA content in leaves of ―Yangfei Chu Yu‖ and ―Fen Zhu Pan‖ appeared on September 15, with 

924.94 and 827.36 μg/g FW, respectively, while those of ―Hong Feng‖ reached the highest peak on 

September 1 with 432.76 μg/g FW. The highest UA content in leaves of ―Yangfei Chu Yu‖, ―Fen Zhu 

Pan‖ and ―Hong Feng‖ was 8.42, 8.87 and 8.33 fold of the lowest level, respectively. 

The ratio of UA to OA in the leaves obviously changed at the different developmental stages. For 

instance, the UA content in leaves of ―Yangfei Chu Yu‖ was significantly higher (3.5–11.3 fold) than 

OA in the first three sampling times (May 1 to June 1) and then the ratio of UA to OA decreased to 

1.1–2.1 fold, except for the samples on July 15 (Figure 2). 

Figure 2. Comparison of OA and UA contents (μg/g FW) in leaves of herbaceous peony 

―Yangfei Chu Yu‖ at different developmental stages. 
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2.1.2. OA and UA contents in Stems of Herbaceous Peony at Different Developmental Stages 

The OA and UA contents in stems of the three cultivars significantly changed at different 

developmental stages as shown in Figure 3. There was an overall upward trend of OA and UA contents 

from May 1 to September 15. The contents of OA and UA were lower than 20 μg/g FW before June 1 

for all three cultivars. Then OA and UA contents in the stems of ―Yangfei Chu Yu‖ accumulated more 

quickly than those of ―Fen Zhu Pan‖ and ―Hong Feng‖ from June 1, especially after July 15 with a 

more pronounced increase. For ―Fen Zhu Pan‖ and ―Hong Feng‖, the OA content difference was very 

little before July 15, after which the content of OA in ―Fen Zhu Pan‖ was higher than that in ―Hong 

Feng‖. However, the UA content of both cultivars had little difference during the whole 

development stage. 
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Figure 3. OA and UA contents (μg/g FW) in stems of three herbaceous peony cultivars at 

different developmental stages. (A) OA content; (B) UA content. 
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The OA content in stems of ―Yangfei Chu Yu‖, ―Fen Zhu Pan‖ and ―Hong Feng‖ was lowest on 

May 1, with 1.85, 1.89 and 0.25 μg/g FW, respectively. It reached the highest peaks on September 15, 

with 359.28, 90.49, and 43.90 μg/g FW, respectively, which was 194.21, 47.88 and 175.60 fold of the 

lowest value, respectively. The UA content in stems of ―Yangfei Chu Yu‖, ―Fen Zhu Pan‖ and ―Hong 

Feng‖ was also lowest on May 1, with 2.14, 8.88 and 0.49 μg/g FW, respectively. The highest UA 

content in stems of ―Yangfei Chu Yu‖, ―Fen Zhu Pan‖ and ―Hong Feng‖ appeared on September 15, 

with 326.86, 82.25 and 56.63μg/g FW, respectively, which was 152.74, 9.26 and 115.57 fold of the 

lowest level, respectively. 

Very little difference in both OA and UA content was observed in the stems as compared with 

leaves. For instance, the ratio of UA to OA in stems in ―Yangfei Chu Yu‖ was 0.9–2.6 from May 1 to 

September 15 (Figure 4). 
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Figure 4. Comparison of OA and UA contents (μg/g FW) in stems of herbaceous peony 

―Yangfei Chu Yu‖ at different developmental stages. 
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2.2. OA and UA Contents in Leaves of Different Herbaceous Peony Cultivars 

Great differences existed between the OA and UA contents of leaves of 47 investigated herbaceous 

peony cultivars. The contents of OA and UA were 54.26–618.12 (average value 171.62) and 

36.23–665.14 (average value 227.57) μg/g FW, respectively. The highest contents of OA and UA in 

leaves were 11.39 and 18.34 fold of the lowest levels, respectively. Among 47 cultivars, ―Hong Xiu 

Qiu‖ and ―Yangfei Chu Yu‖ contained the highest OA and UA contents, with 618.12 and 665.14 μg/g 

FW, respectively, while the lowest OA and UA contents were observed in ―Fen Zi Lu Jin‖ and 

―Jiangshan Ru Hua‖, with 54.26 and 36.23 μg/g FW, respectively (Table 1). 

Table 1. OA and UA contents (μg/g FW) in leaves of different herbaceous peony cultivars. 

No.* Cultivar Flower Color OA UA OA + UA 

1 Jiangshan Ru Hua Purple 66.37 ± 7.44 36.23 ± 3.78 102.60 ± 9.93 

2 Fen Zi Lu Jin Purple 54.26 ± 4.53 57.38 ± 5.07 111.64 ± 9.22 

3 Shuang Hong Lou Purple 69.57 ± 8.57 59.48 ± 2.32 129.05 ± 6.26 

4 Zi Pao Purple 68.89 ± 7.27 69.75 ± 4.36 138.64 ± 10.49 

5 Hong Pan Xiang Cui Purple 87.63 ± 12.15 88.14 ± 1.99 175.77 ± 12.82 

6 Zi Pan Tuo Jin Pink 97.42 ± 4.63 78.63 ± 5.64 176.05 ± 9.12 

7 Jin Xing Can Lan Pink 107.00 ± 12.91 87.48 ± 8.38 194.48 ± 21.29 

8 Zi Yun Feng Bo Pink 134.54 ± 8.90 71.96 ± 9.40 206.50 ± 17.58 

9 Fen Lan Lou Pink 96.11 ± 10.17 121.17± 10.57 217.28 ± 1.29 

10 Chun Xiao Pink 76.34 ± 3.72 141.16 ± 11.03 217.50 ± 14.75 

11 Yu Lou Hong Xing Pink 130.18 ± 11.22 93.13 ± 10.98  223.31 ± 8.72 

12 Lian Die Purple 87.63 ± 5.07 137.74 ± 6.00 225.37 ± 11.03 

13 Hong Yan Zheng Hui Purple 72.54 ± 7.71 157.43 ± 11.34 229.97 ± 19.04 

14 Fen Lan Xiu Qiu Pink 110.67 ± 11.12 122.22 ± 8.03 232.89 ± 16.09 
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Table 1. Cont. 

15 Zi Yan Purple 103.75 ± 10.04 130.41 ± 9.53 234.16 ± 2.63 

16 Jin Zan Ci Hhong Ling Pink 96.87 ± 7.98 145.94 ± 12.70 242.81 ± 20.64 

17 Fen Ling Jiao Yan Pink 139.03 ± 6.15 106.81 ± 9.70 245.84 ± 15.80 

18 Zi Lou Purple 113.55 ± 9.61 136.35 ± 8.82 249.90 ± 18.24 

19 Jin Shang Ttian Hua Purple 99.00 ± 7.74 154.76 ± 13.15 253.76 ± 19.59 

20 Zi Hong Jian Rong Pink 132.82 ± 6.92 135.99 ± 11.41 268.81 ± 18.00 

21 Fen Yu Long Pink 108.85 ± 4.60 166.83 ± 12.11 275.68 ± 16.46 

22 Fen Xiang Lou Deep pink 93.14 ± 11.70 195.34 ± 16.15 288.48 ± 27.81 

23 Xin Hua Nu Fang Pink 122.05 ± 7.80 185.39 ± 11.70 307.44 ± 19.46 

24 Fu Gui Hong Deep pink 112.28 ± 3.72 204.09 ± 11.59 316.37 ± 15.03 

25 Wan Zhuang Fen Pink 133.54 ± 8.97 185.09 ± 10.89 318.63 ± 4.34 

26 Da Fu Gui Pink 130.68 ± 4.94 215.74 ± 11.56 346.42 ± 8.58 

27 Huang Jin Si Pink 104.44 ± 7.45 243.75 ± 14.51 348.19 ± 21.94 

28 Zhong Sheng Fen Pale pink 180.38 ± 8.53 187.40 ± 12.66 367.78 ± 20.35 

29 Fen Yu Qiu Pink 167.38 ± 3.55 215.13 ± 13.83 382.51 ± 17.35 

30 Hong Xiu Zhen Pink 97.70 ± 8.84 286.80 ± 10.27 384.50 ± 19.08 

31 Zi Rong Ji Yao Pink 206.75 ± 8.48 190.21 ± 7.59 396.96 ± 15.74 

32 Pan Tuo Shan Hu Pink 192.57 ± 11.03 207.00 ± 13.21 399.57 ± 22.33 

33 Jin Hui Pink 178.91 ± 9.41 222.27 ± 10.37 401.18 ± 19.78 

34 Hong Xian Xiu Yu Yellow white 147.51 ± 8.15 271.27 ± 14.98 418.78 ± 22.31 

35 Lian Hua Zan Purple 197.29 ± 6.35 247.15 ± 12.16 444.44 ± 5.91 

36 Hong Lou Piao Xian Purple 214.23 ± 12.83 315.98 ± 12.58 530.21 ± 25.11 

37 Lan Cui Qiu Purple 221.23 ± 13.01 325.69 ± 8.15 546.92 ± 20.80 

38 Man Tang Hong Purple 153.57 ± 10.44 405.04 ± 13.97 558.61 ± 24.39 

39 Hai Tang Ji Jin Pink 274.94 ± 14.41 306.95 ± 10.57 581.89 ± 24.96 

40 Di Lian Qi Hua Pale pink 173.51 ± 6.90 438.25 ± 13.29 611.76 ± 20.09 

41 Hong Feng Purple 295.20 ± 11.77 431.76 ± 10.20 726.96 ± 20.13 

42 Fen He Piao Xiang Pale pink 333.07 ± 12.94 425.43 ± 13.80 758.50 ± 26.66 

43 Xishi Fen Pale pink 344.85 ± 14.40 434.89 ± 15.14 779.74 ± 29.36 

44 Hong Ling Pink 402.11 ± 10.21 393.68 ± 11.36 795.79 ± 21.55 

45 Fen Zhu Pan Pink 380.84 ± 8.92 564.10 ± 14.17 944.94 ± 22.95 

46 Yangfei Chu Yu White 525.95 ± 18.97 665.14 ± 15.70 1191.08 ± 34.63 

47 Hong Xiu Qiu Pink 618.12 ± 8.00 633.26 ± 15.54 1251.38 ± 23.50 

* Cultivars are arranged in order starting from that with the lowest total OA and UA content, to the 

highest level. 

The UA content in leaves was generally higher than OA with some exceptions among the  

47 cultivars. OA content was mainly concentrated between 100–200 μg/g FW, while the UA content 

was more than 200 μg/g FW in over half the cultivars. The ratio of UA to OA in leaves of the different 

herbaceous peony cultivars ranged from 0.52–3.72, with an average value of 1.43. 

Similarly, the total OA and UA content in leaves of the different cultivars also largely differed with 

a range of 102.60–1251.38 μg/g FW (Table 1). From the distribution plot of total amount of OA and 

UA in leaves (Figure 5), herbaceous peony can be divided into high- (>1000 μg/g FW),  

medium- (700–1000 μg/g FW) and low-content (<700 μg/g FW) types. Two cultivars, ―Hong Xiu Qiu‖ 

and ―Yangfei Chu Yu‖, belonged to high-content type, with values of 1251.38 and 1194.08 μg/g FW, 
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respectively. The medium-content type included five cultivars, ―Fen He Piao Xiang‖, ―Xishi Fen‖, 

―Hong Ling‖, ―Fen Zhu Pan‖ and ―Hong Feng‖, with an average content of 801.18 μg/g FW. The 

remaining 40 cultivars were classified as low-level type, with an average concentration of  

307.83 μg/g FW.  

Figure 5. Distribution of the total OA and UA contents (μg/g FW) in leaves of different 

herbaceous peony cultivars. I, high-content; II, medium-content; III, low-content. 
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3. Discussion 

3.1. OA and UA Distribution in Herbaceous Peony at Different Development Stages 

Lu et al. [32] found that the UA content of old leaves (1.21%) of Guangxi Kudingcha was higher 

than that of young leaves (0.57%). Zou [33] reported that OA and UA levels in ripened fruits of 

Forsythia suspensa (0.5490% and 0.406%) were significantly higher than those in young (0.3805% 

and 0.3275%) and mature fruits (0.417% and 0.346%). Our study indicated that OA and UA contents 

of old leaves and stems of herbaceous peony were also higher than those of young leaves and stems. 

Therefore, a mode of OA and UA content change may exist in plants such that the contents of OA and 

UA in old organs are higher than those in young ones during development.  

3.2. OA and UA Distribution in Different Cultivars of Herbaceous Peony 

The contents of OA and UA in the same part of different cultivars differed in varied degrees.  

Wang et al. [34] determined OA and UA contents in fruits of jujube cultivars and wild jujube, and the 

results showed that the contents in ―Fupingdazao‖, ―Junzao‖ and ―Yazao‖ were higher than those in 

―Sanbianhong‖, ―Popozao‖, ―Jianzao‖ and ―Jinsixiaozao‖. The research results of Zhou et al. [21] 

demonstrated that OA and UA contents in flower of five loquat cultivars, ―Dahongpa‖, ―Baozhu‖, 

―Dayeyangdun‖, ―Jiajiao‖ and ―Ruantiaobaisha‖, differed slightly, with the highest UA and OA 

contents in ―Dahongpa‖, and the lowest UA and OA contents in ―Ruantiaobaisha‖. In our study, the 

data demonstrated that great differences existed in UA and OA contents of the leaves between different 

herbaceous peony cultivars. The contents of OA and UA were 54.26–618.12 (171.62) and 

Ⅰ 

Ⅱ 

Ⅲ 



Int. J. Mol. Sci. 2011, 12             
 

663 

36.23–633.26 (227.57) μg/g FW, respectively. According to the total amount of OA and UA in leaves, 

herbaceous peony can be divided into high- (>1000 μg/g FW), medium- (700–1000 μg/g FW) and 

low-content (<700 μg/g FW) types, and about five-sixths of the cultivars belonged to the  

low-content type. 

There were some reports about the relationship between flower color and the OA and UA contents 

in plants. Huang [35] found significant differences in OA and UA content of azalea flower between 

cultivars of different color. The pink flower had higher OA and UA contents, white flower had lower 

OA and UA contents, and OA and UA contents in red flower were between the two cases of pink and 

white flowers. In our study, OA and UA levels in leaves of herbaceous peony may have some 

correlation with flower color. In general, triterpenes was relatively low in the cultivars with deep color 

(purple) flowers, while they were relatively high in the cultivars with pale color (pink, pale pink, white) 

flowers, which may be related to the balance of secondary metabolism in plants. However, further 

study is needed to assess whether flower color is closely related to OA and UA contents. 

3.3. Comparison of OA and UA Contents in Herbaceous Peony with Other Plants 

OA and UA are widely distributed in plants with great variations between different families, genera 

and species. The results of our experiment showed that the contents of OA and UA in herbaceous 

peony leaves were in the range of 54.26–618.12 μg/g (0.0054%–0.0618% FW) and 36.32–633.26 μg/g 

(0.0036%–0.0633%) based on fresh weight, respectively. Considering the roughly 90% water content 

of plant leaves, OA and UA contents in dry leaves would increase ten-fold over that in fresh samples, 

with about 0.054%–0.618% and 0.036%–0.633%, respectively; these levels are higher than or similar 

to those of Callicarpa nudiflora leaves [36], Pterocephalus hookerie underground and aboveground 

parts [37], Hedyotis diffusa whole plant [38], Fructus chaenomeles fruits [39], and Ligustrum lucidum  

fruits [40]. 

4. Experimental Section 

4.1. Chemicals 

OA (TCM-031, purity ≥ 98%) and UA (TCM-036, purity ≥ 98%) standards were purchased from 

Nanjing TCM Institute of Chinese Materia Medica (Nanjing, Jiangsu, China). HPLC grade methanol 

was obtained from Caledon Laboratories Co. (Georgetown Ont., Canada). The deionized distilled 

water (ddH2O) was obtained with a Milli-Q water purification system from Millipore (Bedford, MA). 

All other reagents used in the present study were of analytical grade. 

4.2. Plant Materials 

Herbaceous peony (Paeonia lactiflora Pall.) was planted in the Germplasm Nursery of Herbaceous 

Peony at College of Horticulture and Plant Protection, Yangzhou University, Jiangsu Province, China 

(32°30′N, 119°25′E). The leaves and stems of ―Yangfei Chu Yu‖, ―Fen Zhu Pan‖ and ―Hong Feng‖ 

were picked every 15 days from May 1 to September 15, 2009. The leaves of 47 cultivars were 

collected on September 1, 2009. All the samples were frozen in liquid nitrogen immediately after 

taking back to laboratory, and then stored in refrigerator at −20 °C until analysis. 



Int. J. Mol. Sci. 2011, 12             
 

664 

4.3. Extraction 

For preparation of crude extract, a suitable amount of plant materials of each sample was collected 

and fully grinded with liquid nitrogen. Subsequently, 2 g of sample was weighed and transferred to a 

10 mL centrifuge tube, and 5 mL ethanol was added in and mixed homogeneously, and then extracted 

for 30 min with KQ-500B ultrasonic cleaning machine (Kunshan Ultrasonic Equipment Co. Ltd., 

Kunshan, Jiangsu, China). The sample was centrifuged at 8000 g for 10 min, and then the filtrate was 

collected. Precipitates were extracted again and both filtrates were pooled and evaporated to dryness at 

35 °C. The residue was dissolved in 1.5 mL methanol and transferred to a 2 mL tube. The crude extract 

was filtered through a 0.22 μm micro-filter before HPLC analysis. Each sample was repeated 

in triplicate.  

4.4. HPLC Analysis 

Quantifications of OA and UA were performed on a Waters-2695 HPLC system (Beckman coulter, 

USA) equipped with Waters 2695 pump and 2487 UV detector according to the method of  

Zhou et al. [20] with some modifications. The column was a Lichrospher C18 (4.6 × 250 mm, 5 µm) 

column (Hanbon Sci. and Tech, China) equipped with a guard column with the same stationary phase. 

All these two compounds were detected at 210 nm at room temperature with a flow rate of 1.0 mL/min 

and an injection volume of 20 μL. The mobile phase consisted of methanol (A) and 0.1% phosphoric 

acid solution (B) with a ratio of 85:15 (A:B, v/v) for simultaneous detection of OA and UA. The 

contents of both compounds were calculated according to the standard curves obtained with a series of 

standard solutions (0, 25, 50, 75, and 100 μg/mL). 

4.5. Statistical Analysis 

All data are means of three replicates with standard deviations. Microsoft Excel (Microcal Software 

Inc., Northampton, MA, USA) was used to calculate standard deviations. 

5. Conclusions 

Traditional cultivation of both medicinal and ornamental herbaceous peony often causes a serious 

waste of resources due to discarding the aboveground biomasses. For medicinal purpose, herbaceous 

peony roots are usually harvested in August or September. During the same period, the aboveground 

parts of ornamental herbaceous peony will complete assimilate transportation and start to wilt in 

August to September. The OA and UA contents in the aboveground parts, mainly including the stems 

and leaves, reached a higher level from August to September. Therefore, the aboveground parts of 

herbaceous peony may be used as an alternative medicinal source of OA and UA in addition to its 

ornamental purposes. 
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